ABSTRACT. Varronia curassavica Jacq. is a medicinal and aromatic plant from Brazil with significant economic importance. Studies on genetic diversity in active germplasm banks (AGB) are essential for conservation and breeding programs. The aim of this study was to analyze the genetic diversity of V. curassavica accessions of the AGB of Medicinal and Aromatic Plants of the Federal University of Sergipe (UFS), using inter-simple sequence repeat molecular markers. Twentyfour primers were tested, and 14 were polymorphic and informative, resulting in 149 bands with 97.98% polymorphism. The UPGMA dendrogram divided the accessions into Clusters I and II. Jaccard similarity coefficients for pair-wise comparisons of accessions ranged between 0.24 and 0.78. The pairs of accessions VCUR-001/VCUR-503, VCUR-001/VCUR-504, and VCUR-104/VCUR-501 showed relatively low similarity (0.24), and the pair of accessions VCUR-402/VCUR-403 showed medium similarity (0.78). Twenty-eight accessions were divided into three distinct clusters, according to the STRUCTURE analysis. The genetic diversity of V. curassavica in the AGB of UFS is low to medium, and it requires expansion. Accession VCUR-802 is the most suitable for selection in breeding program of this species, since it clearly represents all of the diversity present in the AGB.
INTRODUCTION
Varronia curassavica Jacq. (with synonym Cordia verbenacea DC.) is popularly known as "erva-baleeira." It is a medicinal and aromatic plant in the Cordiaceae family (previously Boraginaceae) and is native to Central and South America, occurring mainly in Brazil (Barroso et al., 2002; Gasparino and Barros, 2009; Gilbert and Favoreto, 2012) . It is a perennial, highly branched shrub that can reach 1.5 to 2.5 m in height, and it is widely used in popular medicine to treat arthritis (Lorenzi and Matos, 2008) . The Brazilian National Health Surveillance Agency approved the first herbal medicine produced from an essential oil of this plant in 2004, with the active compound, a-humulene, showing anti-inflammatory activity (Feijó et al., 2014) . This shows how important this species is for the pharmaceutical industry. In a study of native populations of V. curassavica in the State of Sergipe, the authors reported a high chemical diversity in essential oils, and five chemical groups were detected (Nizio et al., 2015) . This finding, together with the medical importance of the species, and the loss of plant genetic resources due to human activities, highlights the importance of conserving the diversity of this species. The partial conservation of medicinal or agricultural plant species can be performed in active germplasm banks (AGB). A representative sample of the genetic variability of the species can be conserved, allowing the identification and selection of accessions of interest that can be used to develop superior cultivars through breeding programs (Blank, 2013) .
The genetic diversity of a species can be assessed through various types of molecular markers, including inter-simple sequence repeats (ISSRs). These molecular markers use short repeated sequences of DNA to amplify anonymous loci and do not require prior knowledge of the genome. Because they are dominant loci, it is not possible to distinguish heterozygotes from homozygotes; however, multiple loci can be produced from each amplification with polymerase chain reaction (PCR; Goulão and Oliveira, 2001) . Several genetic diversity studies on medicinal plants, both in natural populations and in collections of germplasm banks, have been carried out using ISSRs, such as studies on Capparis spinosa, Eucommia ulmoides, and Pogostemon cablin (Liu et al., 2015; Yu et al., 2015; Sandes et al., 2016) .
Universidade Federal de Sergipe (UFS) studied the chemical diversity of populations of V. curassavica from the State of Sergipe, and genetic resources from those populations are conserved in an AGB that was implemented in 2012. The present study is the first investigation of genetic diversity of this species, using ISSR markers.
Thus, the aim of this study was to analyze the genetic diversity of V. curassavica accessions of the AGB of Medicinal and Aromatic Plants of UFS using ISSR molecular markers. This information will then be used to prioritize accessions for conservation and genetic improvement of the species.
MATERIAL AND METHODS

Plant material
After exploitation and collection of plant material from the State of Sergipe in the municipalities of Graccho Cardoso, Tobias Barreto, São Cristóvão, Japaratuba, Tomar do Geru, Itabi, Cedro de São João, and Itabaiana, and with five accessions from seedling exchange with the AGB of Centro Pluridisciplinar de Pesquisas Químicas, Biológicas e Agrícolas, collected in the State of São Paulo (Table 1) , the V. curassavica collection was implemented within the AGB of medicinal and aromatic plants of UFS. The AGB is located at the Research Farm Campus Rural da UFS, in São Cristóvão, State of Sergipe, Brazil (11°00'S; 37°12'W), with 28 accessions of V. curassavica.
Fresh and young leaves of each accession from the AGB were collected, wrapped in sterile gauze, and packed in ice at the time of collection, to prevent oxidation. Afterwards, they were frozen at -80°C until lyophilization in a LioTop L101 (Liobras, São Carlos, SP, Brazil). After lyophilization, samples were stored in a desiccator containing silica gel until DNA extraction. 
DNA extraction and ISSR amplification
DNA extraction was carried out using the 2% CTAB method (Doyle and Doyle, 1990 ), modified by Alzate-Marin et al. (2005) . DNA quantification was carried out using a NanoDrop 2000c (Thermo Fisher Scientific, Wilmington, DE, USA), and samples were diluted to a standard concentration. ISSR primers used in this study were produced by Eurofins MWG Operon (Operon Technologies, Louisville, KY, USA), IDT (Integrated DNA Technologies, Coralville, IA, USA), and Invitrogen (Thermo Fisher Scientific, Carlsbad, CA, USA). Twentyfour primers were tested for PCR amplification. Reactions were carried out in a total volume of 20 µL containing 1.0 µL genomic DNA (10 ng/µL), 0.2 µL Taq polymerase from Thermus aquaticus recombinant, expressed in Escherichia coli (Sigma-Aldrich) (0.05 units/µL), 2 µL 10X buffer (100 mM Tris-HCl, pH 8.3, 500 mM KCl, 15 mM MgCl 2 and 0.01% gelatin) (Sigma-Aldrich, St. Louis, MO, USA), 0.4 µL dNTP (2.5 mM), 1.0 µL primer (25.0 pmol), and 15.4 µL autoclaved ultrapure water.
Amplification was carried out in a ProFlex PCR System thermocycler (Thermo Fisher Scientific, Applied Biosystems, Foster City, CA, USA) programmed with the following protocol: 5 min at 94°C; 45 cycles of 40 s at 94°C, 30 s ranging from 50.4° to 53°C (using the annealing temperature of each primer; Table 2 ), and 1 min at 72°C; and a final extension for 7 min at 72°C. Amplification products were subjected to electrophoresis on a 1.5% agarose gel, stained with ethidium bromide, visualized under ultraviolet light, and photographed. Molecular weights were estimated using a Ludwig DNA scale of 1 kb for each primer. 
Data analysis
For the analysis and interpretation of the gel, only the clearly-visible bands were used. Loci were identified as present (1) or absent (0) in each accession, and this binary data matrix was used for the analyses.
Similarity coefficients were calculated using the Jaccard index (Jaccard, 1908) . NTSYSpc 2.0 (Rohlf, 2001 ) was used to construct a dendrogram, using the unweighted pair group method with arithmetic mean (UPGMA). The Shannon index (I) e o marker index (MI) were calculated using the software GENALEX 6.5 (Peakall and Smouse, 2012). STRUCTURE v.2.3 .3 was used to analyze genetic structure using a Bayesian clustering method (Hubisz et al., 2009) . The "admixture" model was used with correlated allele frequencies, and simulations were carried out with a burn-in of 100,000 generations and K values ranging from 2 to 6 clusters. The number of clusters (K) was determined using STRUCTURE HARVESTER (Earl and vonHoldt, 2012) .
RESULTS
A high level of polymorphism was found in ISSR markers among V. curassavica accessions of the AGB of Medicinal and Aromatic Plants of UFS. The location of the bands can be visualized through the images generated by the photodocumentation of the agarose gels (Figure 1 ). Of the 24 ISSR primers tested in this study, 14 generated informative bands. There were 149 amplified bands total, ranging from 5 to 17 bands per primer, with a mean of 11 (Table 2) . Among them, 146 were polymorphic, which corresponds to 97.98% polymorphism. I value indicates genetic diversity and varies from 0 to 1, with values closer to zero having lower diversity (Silva et al., 2015) . The I value was equal to 0.42, ranging from 0.25 to 0.57 for the loci of the evaluated accessions of V. curassavica of the AGB of Medicinal and Aromatic Plants of UFS, which suggests amplitude od medium diversity. Heterozygosity, which is a measure of genetic variability of a population (McManus et al., 2011) , was considered low, with a mean of 0.27. The polymorphic information content (PIC), described by Botstein et al. (1980) , indicates how much the used marker shows polymorphic information in genetic diversity studies. According to Botstein et al. (1980) , PIC values higher than 0.5 are very informative; those between 0.25 and 0.50 are moderately informative; and values lower than 0.25 are considered uninformative. The present study found a mean PIC of 0.27, which is considered moderately informative. On the other hand, the MI, which is a parameter defined as the product of expected heterozygosity and proportion in multiplex, that estimates the overall quality of each molecular marker system (Powell et al., 1996) , ranged from 1.22 to 5.48 with a mean of 2.88.
The Jaccard similarity coefficient ranged from 0.24 to 0.78, with a mean of 0.41, which indicates relatively high genetic diversity for many pairs of accessions. Accessions VCUR-402 and VCUR-403, both from Japaratuba/Sergipe, were the most similar genetically, with an index of 0.78. On the other hand, the pairs of accessions VCUR-001 and VCUR-503, VCUR-001 and VCUR-504, and VCUR-104 and VCUR-501 showed the lowest genetic similarity, each with an index of 0.24. There were 15 genotype combinations with medium genetic similarity, i.e., their values ranged between 0.60 and 0.78, and the other combinations presented low genetic similarity, with values below 0.6 (0.24 to 0.59; Table 3 ). The dendrogram was divided into three major clusters (I, II and III) (Figure 2 ). Cluster I (including 32.15% of the accessions from the AGB) presented Jaccard coefficients below 0.5, whereas similarities for Cluster II (53.57% of the AGB) were between 0.4 and 0.78, and Cluster III (14.28 of the AGB) with similarities between 0.5 and 0.6. STRUCTURE effectively separated the 28 accessions in three distinct and welldefined clusters (Figure 3 ).
DISCUSSION
Total genetic diversity of V. curassavica accessions is low to medium, as indicated by several diversity statistics. The genetic diversity found in the present study contrasts with the levels of chemical diversity found by Nizio et al. (2015) for five natural populations of V. curassavica. They detected high chemical diversity in essential oils and the division into five chemical clusters. The observed chemical diversity in essential oils can be explained in part by genetic factors. Thus, an option for expanding the genetic diversity of the AGB is the addition of some of the plants identified by Nizio et al. (2015) that produced a diversity of oil types. The addition of more ISSR or other molecular markers may identify loci that are associated with the variability seen in essential oil production for different lineages of V. curassavica.
According to the dendrogram (Figure 1 ), there is a trend of clustering according to the geographic origin of the accessions, except for accessions from São Cristóvão/SE and São Paulo/SP, which are each present in both Clusters I and II. Subcluster 1 of Cluster I has only The three clusters resolved by STRUCTURE are consistent with those inferred in the dendrogram. Using the same type of molecular marker, Liu et al. (2015) observed similar results, the formation of three groups in C. spinosa. Accession VCUR-802 from Itabaiana/ SE shows some affinity to each of the three groups in the STRUCTURE plot, suggesting admixture. Thus, utmost care is necessary in order to avoid losing this accession, since it may be most important for future studies on genetic improvement. Ten patchouli accessions from the AGB of medicinal and aromatic plants of UFS were efficiently identified as two distinct genetic clusters by STRUCTURE (Sandes et al., 2016) , highlighting the importance of such methods in studies with AGBs of medicinal and aromatic plants.
There are no reports of studies on plants of the Cordiaceae family using ISSR markers. However, ISSR analyses of Echium vulgare L. (Boraginaceae) found lower polymorphism (93.15%), an average of 6-17 bands per primer, a mean PIC of 0.373 (similar to that found here), and an MI of 3.1 (Dresler et al., 2015) . Zhao et al. (2014) observed high genetic diversity when evaluating germplasm of 20 plants of Lilium (Liliaceae), with an average of 17-22 amplified bands per primer, but a lower I (0.35). Lopez et al. (2015) evaluated genetic diversity in Omphalodes littoralis subsp gallaecica (Boraginaceae) with AFLP markers, which are also dominant, and observed heterozygosity of 0.356 and moderate genetic diversity.
Knowledge of levels of genetic diversity helps in the proper handling of an AGB, which is meant to be a sample of the genetic variation of a species (Ramalho et al., 2012) . In a breeding program, this knowledge on the established accessions is of fundamental importance. The use of techniques such as assays of DNA markers can provide accurate estimates of this diversity for a portion of the genome without the potential problems of environmental influence on gene expression. According to Celestino et al. (2015) , molecular tools are essential to characterize the genetic diversity of aromatic and medicinal plants. Although agronomic and chemical characteristics may distinguish different groups, expression of traits such as essential oils can be altered by environmental factors.
The genetic diversity of the collection of V. curassavica at UFS is low to medium. Its expansion is required, including more accessions from other locations/regions. Accession VCUR-802 is the most suitable for conservation of this species, since it represents important diversity present in the AGB. This is the first study on the genetic diversity of a collection of V. curassavica plants using ISSR markers, and the results are important for the conservation of this species, indicating the need to expand the diversity of the germplasm bank and producing useful information for breeding programs that may use the studied accessions.
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